ABSTRACT
INTRODUCTION
Forearc accretionary complexes are a fundamental element of convergent plate margins, and their presence in the geologic record is one of the best indicators of past subduction. Forearc accretion is also one of the most signifi cant mechanisms for the growth of continental crust aside from arc magmatism. It is now known that most subduction zones experience long periods of tectonic erosion as well as accretion (von Huene and Scholl, 1991; Clift and Vannucchi, 2004; Vannucchi et al., 2004 Vannucchi et al., , 2008 von Huene et al., 2004; Clift et al., 2009) . Tectonic accretion alternating with erosion has been documented in Costa Rica and in the northern Apennines ( Vannucchi et al., 2003 Vannucchi et al., , 2008 , but the triggers for switching from one tectonic regime to the other remain controversial.
Studies of accretionary complexes have been hampered by diffi culties in mapping mélange structures and dating the accreted sediment. Our understanding of subduction accretion is also limited by the inaccessibility of submarine accretionary complexes. Well-exposed examples of accretionary complexes are critical to our understanding of these processes, and most studies have focused on the Franciscan of California (e.g., Blake and Jones, 1981; Wakabayashi, 1999 , and references therein) and forearc assemblages in Japan (e.g., Ogawa et al., 1988) . One of the best exposed, but less studied, forearc accretionary complexes, however, is the Chugach terrane of southern Alaska (United States).
Here we discuss our efforts to recognize tectonic erosion and accretion cycles and their triggers in the Chugach terrane using fi eldwork and systematic analysis of depositional ages. We examine this problem with a new detrital zircon data set from a cross section of the Chugach mélange assemblage known as the McHugh Complex. We show that there are two distinct phases of accretion within the mélange and at least two cycles of tectonic erosion. These data suggest that careful geologic and geochronologic studies of mélange systems can relate the evolution of the accretionary complex to regional tectonic events.
TECTONIC SETTING
The Mesozoic forearc accretionary complex in southern Alaska is called the Chugach terrane (Fig. 1) . The Chugach terrane developed between latest Triassic and latest Cretaceous time along the trailing edge of the Wrangellia composite terrane (e.g., Plafker et al., 1994) . Evidence for accretion is sporadic through this time interval. Accretion is well established for the younger, largest part of the complex, the Valdez Group, which was accreted as a coherent fl ysch assemblage (Plafker et al., 1994) , though the Cretaceous-Eocene development of the accretionary complex at Kodiak Island was shown to be episodic rather than continuous (Byrne and Fisher, 1987) . The older record of subduction, however, is limited to a mélange assemblage that is variably exposed along the Border Ranges fault bounding the crystalline backstop to the subduction complex (Pavlis and Roeske, 2007) .
This mélange, which includes the McHugh Complex in the study area and the Uyak Complex on Kodiak Island (Connelly, 1978) , is generally interpreted as a record of continuous subduction through the Jurassic to the latest Cretaceous (e.g., Plafker et al., 1994) , but the accretionary record is not well understood due to both poor age control and incomplete information on the structural history. Age control (see review in Pavlis and Roeske, 2007 ) is limited to (1) blueschists metamorphosed in Late Triassic-Early Jurassic time (e.g., Roeske et al., 1989; Bradley et al., 1999) , (2) crosscutting plutons that indicate some accretion occurred before 125 Ma, and (3) paleontology, mainly radiolarians, that shows ages from late Paleozoic to Lower Cretaceous, with diverse-aged blocks mixed at outcrop scale (e.g., Nelson et al., 1987) . Pavlis (1982) summarized the problems of using pelagic cherts to date accretion of the Chugach mélange, but because of the paucity of geochronology, these fauna have been the principal data for determining the maximum age of mélange formation.
The blueschists record a Late Triassic-Early Jurassic subduction within an intraoceanic arc represented by the Peninsular terrane (DeBari and Coleman, 1989) . Clift et al. (2005) presented evidence that a period of subduction erosion accompanied that event. It is unknown if any of the McHugh Complex is coeval with the blueschists. This was followed by a poorly understood Late Jurassic to late Early Cretaceous interval when the northern Cordillera experienced several events: (1) The Wrangellia composite terrane accreted to North America, but collision could have been a Middle Jurassic event followed by backarc opening (e.g., van der Heyden, 1992) or entirely a mid-Cretaceous event (Trop and Ridgway, 2007 , and references therein); (2) from Late Jurassic to late Early Cretaceous (ca. 110-105 Ma), the GravinaKahiltna ocean basin separated the Wrangellia composite terrane from North America; (3) Late Cretaceous shortening closed the GravinaKahiltna basin from south to north between ca. 110 and 85 Ma (Trop and Ridgway, 2007) , producing an orogen that presumably supplied sediment to the forearc; and (4) a strike-slip event transported the accretionary complex northward from somewhere between southeast Alaska and British Columbia (e.g., Pavlis and Roeske, 2007) . This history is critical in evaluating detrital sources for the Chugach mélange because from ca. 160 to 110 Ma, an ocean basin separated the Wrangellia composite terrane from North America (Plafker et al., 1994) , and the only known detrital zircon sources to the accretionary complex were from the Wrangellia composite terrane.
LITHOLOGY AND GEOCHRONOLOGY RESULTS
We analyzed the U-Pb ages of detrital zircons from eight samples in the McHugh Complex near Anchorage using LA-MC-ICP-MS ( Fig. 2 ; Table 1; Table DR1 in the GSA Data Repository 1 ; see the Data Repository for methods). Maximum depositional ages are determined from the mean of the youngest three coeval concordant grains (e.g., Dickinson and Gehrels, 2009) . Reported errors are 2σ.
In the study area, the McHugh Complex can be divided into two units based on lithology and distribution: a mesomélange unit (25%) consisting of sheared argillite with disrupted chert beds, metavolcanic rocks, and minor graywacke, and a graywacke-conglomerate unit (75%) consisting mainly of massive graywacke and matrixsupported conglomerate with minor argillite (Fig. 1) . Samples MS8 and MS9 are from the mesomélange unit, and the remaining samples are from the graywacke-conglomerate unit. No evidence for younger, postmélange strike-slip faulting was observed along the contact between these two units. The samples fall into two age groups that correspond to the mapped units. The two samples from the mesomélange unit have maximum depositional ages of 157 ± 3 Ma (MS8) and 146 ± 5 Ma (MS9). The graywackeconglomerate unit includes six samples with maximum depositional ages between 91 and 84 Ma. These samples also have smaller populations with ages ranging from 200 to 150 Ma. Paleozoic and Precambrian grains are absent from the mesomélange; graywacke-conglomerate samples have a total of seven grains ranging from 1.7 to 1.2 Ga. When all data are combined, the main peaks are at 164 Ma and 95 Ma (Fig. 2) .
Several trondhjemitic intrusions cut the McHugh Complex. We dated 48 zircons from sample C13, using LA-MC-ICP-MS ( Fig. 1 estimate the age of accretion because (1) the volcanogenic graywackes likely had a rapid, simple depositional path from arc to trench, (2) the majority of the zircons in each sample form the youngest dominant age peaks, consistent with an active arc and/or a rapidly exhuming orogen, and (3) the scarcity of Precambrian grains is consistent with a local arc source. Thus, we interpret the ages of the youngest zircons as equal to, or only slightly older than, the age of accretion. Our zircon data show that there are at least two parts of the McHugh Complex with distinct accretion ages: one at 157-146 Ma, and one at 91-84 Ma (Fig. 3) . This older McHugh is consistent with crosscutting 125-115 Ma intrusions that show it must be older than Barremian (Fig. 3) . The youngest radiolarians reported from a nearby locality have a range of Berriasian to Hauterivian (Nelson et al., 1987) , or 146-130 Ma (Gradstein et al., 2005) , consistent with our new data showing a maximum depositional age of 146 Ma. Previous studies also suggested that part of the McHugh is AlbianCenomanian based on radiolarian ages (Nelson et al., 1987; Plafker et al., 1989) , and our data clarify this age with evidence that the previously undated graywacke-conglomerate assemblage is as young as Santonian or 84 Ma.
Possible Source Rocks
The two main populations of zircons in the McHugh Complex are 180-150 Ma and 100-84 Ma (Fig. 2) . The closest matches for the older grains are the Chitina arc and the Talkeetna arc, both on the Wrangellia composite terrane (Fig. 1) . The best ages from the Chitina arc are 171-140 Ma (Plafker et al., 1989; Roeske et al., 2003) . The Talkeetna arc magmatism ranged from 202 to 153 Ma (Amato et al., 2007; Rioux et al., 2007) . The Coast orogen could not be a source because it was separated from the accretionary complex by the Gravina ocean basin at that time (van der Heyden, 1992) .
The Late Cretaceous graywacke-conglomerate samples have ages from 130 to 84 Ma and a Jurassic (180-150 Ma) suite that matches the ages from the mesomélange unit. Volcanism and rapidly exhuming plutonic rocks from the Coast orogen (Fig. 1) was the probable source for the Cretaceous zircons, based on its location and age range (Gehrels et al., 2009) . This is consistent with evidence that the Coast orogen was a source for the younger Valdez Group (e.g., Farmer et al., 1993; Haeussler et al., 2005) and the forearc basin sediments (e.g., Plafker et al., 1994) . Interior Alaska is not a likely source given the presence of Paleozoic and older rocks (e.g., Dusel-Bacon and Williams, 2009 ) and the paucity of these ages in the McHugh Complex. The Jurassic suite in the graywacke-conglomerate unit could have been sourced from an exhumed arc such as Talkeetna, as indicated by the presence of Jurassic plutonic clasts in the conglomerate.
Subduction Accretion and Subduction Erosion
Our new data and previous work show that the Chugach terrane has at least four distinct episodes of accretion (Fig. 3) represented by the blueschists, the two parts of the McHugh Complex, and the Valdez Group. We postulate that these were separated by three periods of tectonic erosion including the Early Jurassic event proposed by Clift et al. (2005) (Pavlis and Roeske, 2007) . When ridges subduct, their topography can lead to subduction erosion and regional uplift (von Huene and Scholl, 1991) . Late Early Cretaceous uplift was recorded in the forearc basin immediately to the north of the Chugach terrane (Trop and Ridgway, 2007) . Together these observations suggest erosion was initiated during ridge subduction at 125 Ma and ended by 105 Ma in southeast Alaska (Haeussler et al., 2005) or 91 Ma in the study area (Fig. 3) .
Erosion also may have occurred between 84 Ma, the youngest sample in the Cretaceous McHugh, and 78 Ma, the oldest sample from the Valdez Group along Turnagain Arm. This gap is brief but separates McHugh mélange accretion from Valdez Group fl ysch accretion. This change in style could result from sediment supply changes, yet the Coast orogen should have been a major source throughout this interval. This corresponds to subsidence in the adjacent forearc basin (Trop and Ridgway, 2007) , a consequence predicted to occur following tectonic erosion (von Huene and Scholl, 1991 on May 3, 2010 geology.gsapubs.org Downloaded from
